SUMMARY It has been recognized that small intracerebral hemorrhage not uncommonly produced lacunar syndromes. In this study, we examined cases of intracerebral hemorrhage presenting as lacunar syndromes. Of 174 cases with recent intracerebral hemorrhage, 19 presented with a lacunar syndrome: 4 presented with pure motor hemiparesis, 5, ataxic hemiparesis, 3, dysarthria-clumsy hand syndrome, 7, sensorimotor stroke, and, none, pure sensory stroke. The sites of hemorrhage were capsular in 11, putaminal in 6, and pontine in 2. In these 19 patients, 17 were hypertensive, and the signs characteristic of parenchyma! hemorrhage, e.g., gradual onset, headache, nausea, vomiting and stiff neck, were absent or very rare. Computed tomography revealed that one third of the patients had one or more non-symptomatic lacunae in the basal ganglia, the corona radiata or the anterior limb of the internal capsule. These observations suggests that hypertensive intracerebral hemorrhage causes lacunar syndrome more often than previously considered and is apt to manifest ataxic hemiparesis and sensorimotor stroke. Computed tomography is the only way of differentiating hemorrhagic "lacunar" syndrome from lacunar infarct.
IN A SERIES OF ARTICLES during the past two decades, Fisher and associates delineated four common forms of lacunar syndrome clinically and pathologically, i.e., pure motor hemiparesis, 1 pure sensory stroke, 2 ataxic hemiparesis (homolateral ataxia and crural paresis), 3 -4 and dysarthria-clumsy hand syndrome. 5 They concluded that lacune, small deep cerebral infarction, is the cause of these syndromes. Subsequently, Mohr et al 6 added sensorimotor stroke to the entity of lacunar syndrome based on a pathological study, admitting that it would be premature to assign a lacunar cause to the majority of sensorimotor strokes. Classically, it was considered unlikely that intracerebral hemorrhage would cause these lacunar syndromes without other neurological symptoms, such as altered alertness, visual field defect, oculomotor abnormalities and higher nervous dysfunction. 7 ' 8 Fisher did not exclude small intracerebral hemorrhage as a cause of the lacunar syndromes, but he failed to find any case of hemorrhage in his series of pathological study l 0-9 except for one patient with pure sensory stroke. l0 However, in the era of computed tomography (CT), it has become evident that small non-lacunar cerebral lesions also produce the identical syndromes. Other than lacunar infarct, small intracerebral hemorrhage seems most likely to be responsible for the syndromes." A number of case reports of hemorrhage presenting as one of the four classic lacunar syndromes (to our knowledge, 18 CT-documented and 1 0 1 2 2 3 1 autopsied cases) have appeared. " 12~23 Despite the recognition of the hemorrhagic cause of lacunar syndromes, no systematic investigations have been carried out. The aims of this study are, first, to examine the frequency of appearance of lacunar syndromes in intracerebral hemorrhage, second, to clarify what is the diagnostic point differentiating hemorrhagic "lacunar" syndrome from lacunar infarct, and finally, to analyze the clinical CT correlation.
Methods
Our clinical material consisted of 174 cases with recent spontaneous intracerebral hemorrhage (within 48 hours from stroke onset) admitted in the Hyogo Brain and Heart Center at Himeji between August 1981 and November 1983. Acute stroke patients of all types visiting at our hospital were, without exception, examined by neurologists or neurosurgeons and performed immediate CT examination. All the patients with intracerebral hemorrhage were hospitalized and underwent detailed neurological examination. A clinical diagnosis of a lacunar syndrome was made by staff neurologists including the authors before the end of the third day. The patients presenting as one of the following lacunar syndromes were selected: (1) Pure motor hemiparesis, (2) Pure sensory stroke, (3) Ataxic hemiparesis, (4) Dysarthria-clumsy hand syndrome, and (5) Sensorimotor stroke. The specific inclusion-exclusion criteria for each lacunar syndrome was based on Fisher et al'~-and summarized in table 1. The absence of diminished alertness, aphasias, intellectual change, neglect syndromes, visual field defect, pupillary changes, oculomotor disturbances and seizures was a fundamental condition for a lacunar syndrome. The detailed clinical data were obtained from reviewing the charts. The CTs of the brain, which were obtained on the day of admission using the canthomeatal line and 10 mm slice thickness, were reviewed, and anatomical localization and estimated size of the hemorrhage were recorded. The longest dimension was multiplied by the greatest dimension at the right angle to it. This value was multiplied by the number and thickness of slice involved and the result was divided by 2 to approximate a spherical shape. Coexisting lacunae or scars of previous hemorrhage were also carefully reviewed.
Results
Among the 174 patients with acute intracerebral hemorrhage, there were 19 patients who exhibited a Sensorimotor stroke Both weakness and hypoesthesia with paresthesia involving the face, arm and leg on one side of the body, without accompanying deficits. Not including cases with involvement of only face and hand, or hand and leg.
The absence of diminished alertness, aphasias, intellectual change, neglect syndromes, visual field defect, pupillary changes, oculomotor disturbances and seizures is fundamental condition for each lacunar syndrome. lacunar syndrome. Four had pure motor hemiparesis, 5, ataxic hemiparesis, 3, dysarthria-clumsy hand syndrome, 7, sensorimotor stroke and none, pure sensory stroke. Ten were male. The patient's ages ranged from 39 to 81 years, with a mean of 60.6 years.
On admission, the systolic blood pressure ranged from 144 to 270 mm Hg and 16 patients had elevated blood pressure with systolic over 160 or diastolic over 95 mm Hg. Fifteen patients had prior history of hypertension and 17 patients were diagnosed to be hypertensive from serial reading of blood pressure during at least two weeks of hospitalization. Thus only 2 were believed to be non-hypertensive. One had prior history of putaminal hemorrhage but had completely recovered without any residual symptoms.
Headache, nausea and vomiting at the onset were rare, headache occurring in 2 and nausea and vomiting in only 1. Dizziness or light-headedness at the onset was reported by 2 patients. The onset of stroke was sudden in !6, smooth and gradual, occurring over a half an hour, in 2, and fluctuating in 1. No patient showed stiff neck, either at the onset or through the course.
Three different types of hemorrhage were found and could be classified according to their location and extension: (1) Capsular hemorrhage, (2) Putaminal hemorrhage, and (3) Pontine hemorrhage.
(1) Capsular Hemorrhage ( fig. 1) A small hemorrhage extended vertically along the posterior limb of the internal capsule. Pallido-capsular and thalamo-capsular hemorrhage were also included in this group. Its size ranged from 1.0 cc to 5.7 cc with a mean of 2.9 cc. Eleven patients belonged to this group; 6 had left-sided lesion and 5, right-sided lesion. Two patients presented with pure motor hemiparesis, 4 presented with ataxic hemiparesis, and 5 presented with sensorimotor stroke.
In the pure motor hemiparesis group, one had a pallido-capsular hemorrhage involving the center of the posterior limb of the internal capsule, and the other had a small hemorrhage extending from the pallidum across the genu and anterior portion of the posterior limb of the internal capsule to anterolateral part of the thalamus. In ataxic hemiparesis group, 3 had a small hemorrhage almost restricted in the posterior and superior portion of the posterior limb of the internal capsule but slightly involving the posterolateral part of the thalamus, and one had a pallido-capsular hemorrhage affecting superior and posterior portion of the posterior limb of the internal capsule. In sensorimotor stroke group, the posterior limb of the internal capsule was apt to be involved at the lowest portion close to the cerebral peduncle, and the thalamus was involved in the considerable extent at its inferior part.
The functional prognosis was generally good; within a few weeks, half of the patients became ambulatory. In the remaining patients, however, it took a few months to become ambulatory with the aid of a cane. Half of the patients with sensorimotor stroke or ataxic hemiparesis were left with mild hypesthesia or numbness on the affected side.
(2) Putaminal Hemorrhage ( fig. 2) A concave lens-shaped hematoma was located in the putamen or between the putamen and the external capsule. Its size ranged from 2.0 cc to 9.8 cc and fell into the smallest portion of the spectrum of putaminal hemorrhage. No ventricular collapse or shift of the midline structures were detected. Its medial extension and upward extension did not or just reach to the adjacent internal capsule or corona radiata. Six cases belonged to this group; 4 had left-sided lesion and 2, right-sided lesion. Two patients were consistent with pure motor hemiparesis, 3, were consistent with dysarthria-clumsy hand syndrome and 1 showed sensorimotor stroke. One of these exhibiting dysarthria-clumsy hand syndrome had a prior left-sided putaminal hemorrhage, opposite to the present hemorrhage, whose CT revealed an irregular hypodense lesion in the anterior putamen consistent with old hemorrhagic scar. The remaining 2 dysarthria-clumsy hand syndrome patients had left-sided hemorrhage only. The difference of lesion site between pure motor hemiparesis and dysarthria-clumsy hand syndrome was not necessarily clear, but the hemorrhage in the latter syndrome appeared to be located anteriorly to that in the former. One case whose lesion involved a part of the internal capsule presented with sensorimotor stroke.
The prognosis of all 6 patients was excellent; all recovered almost fully within a week, except that the sensorimotor stroke patient complained numbness on the affected side as a residual. In one patient with pure motor hemiparesis, the right hemiparesis disappeared within the 24 hours after onset, mimicing a TIA episode.
(3) Pontlne Hemorrhage ( fig. 3) A very small hemorrhage was located in the uppermid-pons. One patient had mild hemiparesis, mild hemi-hypesthesia to pin-prick and light touch, numbness and severe ataxia contralateral to the lesion and were consistent with ataxic hemiparesis. The patient had gaze evoked horizontal nystagmus. The other patient had mild hemiparesis and hemi-hypesthesia contralateral to the hemorrhage and were consistent with sensorimotor stroke. The hemorrhage of the two patients appeared to be similar in location, locating around the tegmentum rather than in the basis pontis, and size (0.3 cc).
The prognosis was good; both became ambulatory two weeks after onset. Mild ataxia and numbness of the hand persisted in the former and paresthesia of cheiro-oral type remained in the latter.
In 6 of the 19 patients with a hemorrhagic "lacunar" syndrome, CTs revealed one or more small round or oval hypodense lesions in the basal ganglia, the corona radiata or the anterior limb of the internal capsule, which suggested non-symptomatic lacunae. Among the 6 patients who had lacunae, 5 belonged to the capsular hemorrhage group and one to the pontine hemorrhage group.
Discussion
In the present series, of 174 cases of spontaneous intracerebral hemorrhage, 19 (10.9%) presented with a lacunar syndrome. This incidence of hemorrhagic "lacunar" syndrome is higher than previously considered. Before the introduction of CT, intracerebral hemorrhage was believed to produce severe symptoms, 7 -8 and therefore, such a small hemorrhage producing a lacunar syndrome might have been misdiagnosed as a lacunar infarct. As lacunar syndrome was frequently diagnosed on clinical ground alone even in the era of CT, 23 such misdiagnoses may still be present. The early studies using CT on hypertensive putaminal or thalamic hemorrhage 24 -M failed to describe the occurrance of the 4 classic lacunar syndromes. During the past 5 years, a number of cases of intracerebral hemorrhage presenting as lacunar syndromes have been described.
1012 " 23 Nowadays one should recognize that small intracerebral hemorrhage is one of the likely causes of lacunar syndrome.
The high incidence of ataxic hemiparesis and sen- sorimotor stroke and low incidence of pure motor hemiparesis and pure sensory stroke in intracerebral hemorrhage is noteworthy. Previous studies suggested that pure motor hemiparesis was the most frequently encountered lacunar syndrome, as often as 50% of symptomatic lacune."-24 -27 - 28 Fisher 9 considered that pure sensory stroke was the most common manifestation. However, in our series of hemorrhagic "lacunar" syndrome, only 21% had pure motor hemiparesis and none pure sensory stroke. Conversely, ataxic hemiparesis and sensorimotor stroke was rare manifestation in the previous studies of lacunar infarct (below 10%), 24 -27 -28 but in our series, 26% and 37% showed them respectively. For the capsular lesion, the difference of manifestation between the two causes is more remarkable.
The present study suggested that in differentiating the small hemorrhage presenting with lacunar syndromes from lacunar infarct, presence of stiff neck, headache, nausea and vomiting is quite useless. The incidence of hypertension in our patients with hemorrhagic "lacunar" syndrome was 90% and was slightly higher than that in patients with lacunar infarct in previous reports (57-75%)," but elevated blood pressure on admission is of little help for differential diagnosis.
Although we did not perform a lumbar puncture, it would not be expected to yield bloody CSF because of the small size of hematoma and its location apart from the subarachnoid space and the ventricular system. Although gradual evolution would be most likely mode of onset in intracerebral hemorrhage, 24 most of our patients with hemorrhagic "lacunar" syndrome showed sudden onset. As there was neither expansion of hematoma nor marked edema because of its small size, the symptoms would be maximal at onset. Since lacunar infarct would show sudden onset as well as step-wise progression ^ it seems difficult to differentiate the two from mode of onset.
It has been well known from pathological and CT studies that lacune involving the internal capsule causes pure motor hemiparesis, 1 ' 12 -"• ""^ ataxic hemiparesis, 27 -M dysarthria-clumsy hand syndrome 28 -M and sensorimotor stroke. 6 -Mw The present study and previous studies suggest that small hemorrhage confined to the same site can also produce identical syndromes. Although it is difficult to discuss the precise location of the lesion responsible for each syndrome, it seems that ataxic hemiparesis results from hemorrhage in the uppermost and posterior part of the posterior limb of the internal capsule and the posterolateral aspect of the thalamus, sensorimotor stroke from extension of hemorrhage into the lowermost part of the posterior limb of the internal capsule and lower and more medial part of the lateral thalamus, and pure motor hemiparesis from hemorrhage involving only anterior half of the posterior limb of the internal capsule.
Tapia et al 16 reported a case with pure motor hemiparesis due to putaminal hemorrhage, and Minematsu et al 20 described a case with dysarthria-clumsy hand syndrome due to putaminal hemorrhage. In the present study, we documented the similar cases. A reason why putaminal hemorrhage without involvement of the internal capsule produces pure motor hemiparesis or dysarthria-clumsy hand syndrome may be attributed to the pressure effects to the internal capsule; in the former syndrome, to the posterior limb of the internal capsule and in the latter syndrome, to the anterior limb and genu of the internal capsule.
Small hemorrhage as well as lacunar infarct in the basis pontis was reported to produce ataxic hemiparesis 19 2l -u and pure motor hemiparesis. 13 The 2 patients with pontine hemorrhage in this study showed ataxic hemiparesis with sensory impairment or sensorimotor stroke. Because the hemorrhage in both patients appeared to be located in the dorsal part of the upper-midpons involving the medial lemniscus and/or spinothalamic tract, sensory impairment was associated.
As for the pathogenesis of small hemorrhage which can cause lacunar syndrome, high association rate of non-symptomatic lacunae is of interest. Fisher 93132 pointed out that cerebral hemorrhage was frequently associated with lacunae, and suggested that small nonsymptomatic lacune was most often the result of occlusion of perforating artery by lipohyalinosis, a hypertensive cerebral vasculopathy, which is probably also the source of hypertensive intracerebral hemorrhage. Our result confirmed this Fisher's notion in clinical material.
In summary, hypertensive intracerebral hemorrhage produces lacunar syndromes more often than previously thought. It seems that CT is the only way of differentiating hemorrhage from infarct. When a patient with a lacunar syndrome is seen, especially ataxic hemiparesis or sensorimotor stroke, one should suspect a small hemorrhage as well as a lacunar infarct.
